INTRODUCTION
Early growth response gene-I (Egr-l)C, which belongs to the immediate early gene family, encodes a transcription factor with three zinc finger domains that bind to the DNA consensus sequence CGCCCCCGC (for review see Ref. 1) . Expression of Egr-1 (also known as Zif268, Krox24, TIS8, NGF1-A and d-2), is coregulated with c-fos and does not require de novo protein synthesis [1, 2] . Transcription of Egr-1 is rapidly induced following mitogenic stimulation in many cell types [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Egr-1 is also induced by several nonmitogenic stimuli in post-mitotic cells [1] . The Egr-1 gene product is a nuclear phosphoprotein with a molecular weight of 75-88 kDa, depending on the cell type examined [1, 3, 13, 14] .
Granulocyte-macrophage colony-stimulating factor (GM-CSF) is a 23 kDa glycoprotein that regulates the growth and differentiation of several hematopoietic cell lineages [15] [16] [17] . In particular, GM-CSF induces differentiation and proliferation of macrophages in response to tissue inflammation [15] . Although GM-CSF plays an important role in the inflammatory response, the subcellular mechanism of its action in macrophages is not fully characterized. One CAbbreviations: Egr-l, early growth response gene-i; DMEM, Dulbecco's Modified Eagle medium; EDTA, ethylenediamine tetraacetic acid; GM-CSF, granulocyte-macrophage colony-stimulating factor; FCS, fetal calf serum; mrGM-CSF, murine recombinant GM-CSF; SDS, sodium dodecyl sulfate; PAGE, polyacrylamide gel electrophoresis; PBS, phosphate-buffered saline. 269 macrophage proliferation is through the induction of a subgroup of immediate early response genes. These genes encode transcriptional regulatory proteins, which include the jun family [18] , the fos family [19] , a member of the steroid hormone receptor superfamily [20] and the Egr-1 family [21] . Induction of these genes occurs within minutes of cell stimulation, and their transcription does not require de novo protein synthesis [1, 2] [27] . The tissue culture plates were then heated immediately for 10 min at 950C, and cell lysates were fractionated by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) [27] . In order to reduce the small molecular weight protein species that interact with anti-Egr-1 antisera, an alternative method was used. Stimulated or unstimulated macrophages (5 x 106 cells) in 60-mm wells were harvested in 1.5 ml TEN buffer (40 mM Tris; pH 7.5, 10 mM EDTA and 150 mM NaCI), centrifuged briefly at full speed in an Eppendorf microcentrifuge at room temperature and subsequently suspended in 25 jl of distilled water containing protease inhibitors [26] . Approximately 2.5 to 5 pl of each cell suspension was saved for P-galactosidase assay [28] , and the remaining cell extract was mixed with sample buffer for SDS-PAGE. The [-galactosidase assay, used to determine the relative amount of protein, showed that all samples contained a similar amount of activity (± 10 percent; data not shown).
Transfer of fractionated proteins to nitrocellulose membranes (Bio-Rad, Melville, NY) was carried out with the Multiphor II NovaBlot system (LKB, Sweden) using transfer buffer and conditions specified by the manufacturer. Egr-1 proteins were detected with primary anti-Egr-1 rabbit antisera provided by V.P. Sukhatme [3] 
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of Egr-l further increased nearly linearly with increasing concentrations of mrGM-CSF above 100 U/ml (up to 500 U/ml). In addition to the 80 kDa form, other protein species in macrophages also reacted to anti-Egr-1 antibody ( Figure IA) . However, these protein species were not consistently induced upon stimulation with mrGM-CSF. Multiple antigenically related protein species of Egr-l have also been reported in other cell types [3, 13, 14] . Correlation of the Egr-J protein synthesis and macrophage proliferation
The relationship between proliferation of macrophages and induction of Egr-1 following mrGM-CSF stimulation was investigated. As shown in Figure 3, [3H]-thymidine uptake by macrophages increased in response to increasing amounts of mrGM-CSF. In particular, the trend of macrophage proliferation induced by GM-CSF at the concentration of 25 U/ml or greater was similar to the Egr-1 protein expression pattern effected by GM-CSF above 50 U/ml (Figure iB) . The results suggest that similar concentrations of GM-CSF are required to induce Egr-1 protein and proliferation in murine peritoneal macrophages. As the positive control, we used FCS to stimulate macrophage proliferation. EDTA, 1 mM; pepstatin, 1 gg/ml; phenylmethylsulfonyl fluoride, 0.5 mM) during cell extraction. The use of protease inhibitors, however, did not reduce the quantity of lower molecular weight proteins detected with the anti-Egr-1 antibodies (data not shown). The molecular weight of the 80 kDa Egr-1 protein consistently identified in murine peritoneal macrophages was similar to the form identified in human [3] and murine [24] fibroblasts. Three inducible phosphorylated proteins, with molecular weights of 135 kDa, 100 kDa and 54 kDa, that are immunoprecipitated from mouse BALB/c 3T3 fibroblasts were not found in murine peritoneal macrophages [3] . Furthermore, other proteins recognized by anti-Egr-1 antibody such as the 73-75 kDa proteins found in rat fibroblasts and PC12 cells [14] , were not detected in macrophages. These findings raise the possibility that different forms of Egr-1 protein may be present in various cell types. Since the Egr-1 genome contains one intron [1] , alternative splicing is unlikely to explain the heterogeneity of immunoreactive proteins identified in these studies. Conceivably, some of the heterogeneity may be due to variations in post-translational modifications. Recent data of Cao et al. [3] indicate that Egr-1 protein is phosphorylated and that a high molecular weight form (100 kDa) is inducible by inhibition of protein phosphatases.
The kinetics of synthesis of the 80 kDa Egr-1 protein ( Figure 2 ) followed the pattern predicted from the induction of Egr-1 mRNA by GM-CSF [23] . For example, following GM-CSF treatment of macrophages, maximum Egr-1 protein levels lagged 45 min behind maximum mRNA levels [23] . In addition, the amount of Egr-l protein increased in proportion to the concentration of GM-CSF (Figure 1) , which was similar to the trend of Egr-1 mRNA induction determined previously [23] . These data suggest that following stimulation by GM-CSF, the transcription and translation of the Egr-1 are coordinately regulated in murine macrophages. Furthermore, in response to FCS (Figure 2B ), the kinetics of Egr-1 induction in murine peritoneal macrophages were similar to those in BALB/c 3T3 cells [24] suggesting that the regulatory mechanism controlling the synthesis of Egr-1 protein may be similar in both types of cells.
Since Egr-1 is induced by all mitogenic stimuli [1, 2, 6] and is required for terminal differentiation of macrophages [25] , we investigated the relationship between proliferation of macrophages and induction of Egr-l protein following GM-CSF stimulation. These data show that Egr-1 protein (Figure 1 ) and macrophage proliferative response, as measured by [3H]-thymidine uptake ( Figure 3) were induced by similar concentrations (25-50 U/ml) of mrGM-CSF. This concentration of GM-CSF is within the range observed in mouse serum exposed to endotoxin in vivo [15] . Conceivably, Egr-1 protein induced by GM-CSF in vivo may act as an essential step in controlling the proliferation of macrophages.
In summary, mrGM-CSF induced Egr-1 protein of 80 kDa in murine peritoneal macrophages in a dose-dependent manner. The concentration of GM-CSF required for induction of Egr-1 protein in macrophages and for macrophage proliferation were similar, supporting further study on the role of Egr-1 protein in mediating GM-CSF induction of macrophage proliferation.
